We compared the sedative, hemodynamic, and respiratory effects of dexmedetomidine and propofol in children undergoing magnetic resonance imaging procedures. Sixty children were randomly distributed into two groups: The dexmedetomidine (D) group received 1 g/kg initial dose followed by continuous infusion of 0.5 g · kg Ϫ1 · h Ϫ1 and a propofol group (P) received 3 mg/kg initial dose followed by a continuous infusion of 100 g · kg Ϫ1 · min Ϫ1 . Inadequate sedation was defined as difficulty in completing the procedure because of the child's movement during magnetic resonance imaging. Mean arterial pressure (MAP), heart rate, peripheral oxygen saturation, and respiratory rate (RR) were recorded during the study. The onset of sedation, recovery, and discharge time were significantly shorter in group P than in group D. MAP, heart rate, and RR decreased during sedation from the baseline values in both groups. MAP and RR were significantly lower in group P than in group D during sedation. Desaturation was observed in four children of group P. Dexmedetomidine and propofol provided adequate sedation in most of the children. We conclude that although propofol provided faster anesthetic induction and recovery times, it caused hypotension and desaturation. Thus, dexmedetomidine could be an alternative reliable sedative drug to propofol in selected patients.
We compared the sedative, hemodynamic, and respiratory effects of dexmedetomidine and propofol in children undergoing magnetic resonance imaging procedures. Sixty children were randomly distributed into two groups: The dexmedetomidine (D) group received 1 g/kg initial dose followed by continuous infusion of 0.5 g · kg Ϫ1 · h Ϫ1 and a propofol group (P) received 3 mg/kg initial dose followed by a continuous infusion of 100 g · kg Ϫ1 · min Ϫ1 . Inadequate sedation was defined as difficulty in completing the procedure because of the child's movement during magnetic resonance imaging. Mean arterial pressure (MAP), heart rate, peripheral oxygen saturation, and respiratory rate (RR) were recorded during the study. The onset of sedation, recovery, and discharge time were significantly shorter in group P than in group D. MAP, heart rate, and RR decreased during sedation from the baseline values in both groups. MAP and RR were significantly lower in group P than in group D during sedation. Desaturation was observed in four children of group P. Dexmedetomidine and propofol provided adequate sedation in most of the children. We conclude that although propofol provided faster anesthetic induction and recovery times, it caused hypotension and desaturation. Thus, dexmedetomidine could be an alternative reliable sedative drug to propofol in selected patients. Sedat ion is frequently necessary for children 1 to 7 yr of age undergoing magnetic resonance imaging (MRI) to ensure examinations that are of diagnostic quality. Because procedural sedation is unable to guarantee patient compliance in these cases, a deeper level of sedation is required (1, 2) . The success of sedation for MRI has typically been measured by two factors: the safety of the sedation procedure (lack of adverse events) and the effectiveness of the procedure (successful completion of the diagnostic examination) (3). Sedation of children for MRI is usually associated with inadequate or failed sedation because of difficulty in having patients motionless while maintaining hemodynamic and respiratory stability. Also, limited access to the patient may pose a safety risk during MRI examination (1, 4) . Therefore, appropriate drugs need to be selected, administered, and titrated to achieve these objectives (5) .
Dexmedetomidine is a potent, highly selective ␣ 2 adrenoreceptor agonist having a distribution half-life of approximately 8 min and a terminal half-life of 3.5 h (6,7). At therapeutic doses, dexmedetomidine provides profound levels of sedation without affecting cardiovascular and respiratory stability (7) (8) (9) . There is significant interest in the use of propofol for sedation in children in the MRI setting because of its predictability, rapid onset, and offset of action (2, 10, 11) . There is no study comparing dexmedetomidine and propofol sedation for use in children undergoing MRI.
The aim of this prospective study was to compare the sedative, hemodynamic, and respiratory effects of dexmedetomidine and propofol in children undergoing MRI examination.
METHODS
After local Institutional Ethics Committee approval and written parental consent, ASA physical status I-II children aged between 1-7 yrs undergoing MRI were included in this randomized and prospective study. Patients with known heart, lung, and neurological disease, central nervous system or extremity trauma, and airway abnormalities were excluded from the study. Patients with known allergies to the study drugs or patients having received any study drug in the last 30 days were also excluded. Children older than 3 yr of age were NPO for solids and milk for at least 8 h and children 1-3 yr of age were NPO for solids and milk for 6 h. All the children were allowed to take clear liquids up until 2 h before the beginning of the sedation. To facilitate IV drug administration, EMLA cream was applied on the dorsum of both hands 1 h before transfer to the preparation room. Presedation behavior was assessed on a 4-point scale, by a person (Anesthesiologist 1) who did not know which drug would be administered, 1 ϭ calm, cooperative; 2 ϭ anxious but reassurable; 3 ϭ anxious and not reassurable; 4 ϭ crying or resisting. Categories 1 and 2 were called "undistressed behavior," and categories 3 and 4 were defined as "distressed behavior." Baseline values were recorded upon the arrival of the unpremedicated children to the preparation room before the 22-gauge or 24-gauge venous cannula was inserted into the dorsum of the hand. Children were allocated according to a random number table to receive either dexmedetomidine (group D, n ϭ 30) or propofol (group P, n ϭ 30). Solutions of dexmedetomidine (Precedex ® , Abbott Laboratories, North Chicago, IL), 1 mL at a concentration of 100 g/mL, was diluted with 49 mL normal saline to a concentration of 2 g/mL. The initial dose of the study drugs were administered for 10 min (dexmedetomidine 1 g/kg or propofol [propofol 1% Fresenius ® , Fresenius kabi, Bad Homburg, Germany] 3 mg/kg), followed by continuous infusion (dexmedetomidine 0.
To reduce propofol injection pain, 1 mL of 1% lidocaine (Aritmal ® 2%, Biosel, Istanbul, Turkey) was administered IV before propofol administration.
The sedation level of the children was measured by the anesthesiologist using the Ramsay sedation scale every 10 min. The Ramsay scale assigns a score of 1-6 based on the clinical assessment of the level of sedation as follows: 1 ϭ anxious, agitated, restless; 2 ϭ awake, but cooperative, tranquil, orientated; 3 ϭ responds to verbal commands only. Scores 4 -6 are used for sleeping patients and are graded according to the response to loud noises or glabellar taps as follows: 4 ϭ brisk response; 5 ϭ sluggish response; 6 ϭ no response. Score 3 was accepted as procedural sedation and 5 was accepted as deep sedation. Children were transferred and positioned on the scanning table with a shoulder roll under the neck (either a rolled up towel or sheet) after both a Ramsay score of 5 was achieved and hemodynamic and respiratory stability was ensured. If a Ramsay score of 5 was not achieved after infusion of the study drug for 25 min, the infusion rate of the study drugs was increased to 0.7 g · kg Ϫ1 · h Ϫ1 in group D and to 150 g · kg Ϫ1 · min Ϫ1 in group P for 5 min by anesthesiologist 2. If a Ramsay score of 5 was not achieved after 25 ϩ 5 min of study drug infusion IV a supplementary bolus dose of midazolam (0.05 mg/kg) in group D or 1 mg/kg propofol in group P was given. If patient movements were observed during the imaging process, an additional supplementary bolus dose of midazolam 0.05 mg/kg in group D or propofol 1 mg/kg in group P was administered, and the continuous infusion dose of the study drug was increased to 0.7 g · kg Ϫ1 · h Ϫ1 in group D and to 150 g · kg Ϫ1 · min Ϫ1 in group P. Inadequate sedation was defined as difficulty in completing the procedure as a result of the child's movement during MRI examination.
Mean arterial blood pressure (MAP), heart rate (HR), peripheral oxygen saturation (Spo 2 ), and respiratory rate (RR) were monitored continuously and recorded at 5-min intervals during the study period by anesthesiologist 1. Patients were allowed to breathe spontaneously without an artificial airway throughout the procedure. Ventilatory function was assessed by observation of respiratory activity by anesthesiologist 1. If the Spo 2 level decreased below 93% for 30 s the imaging process would be interrupted and the patient would be taken out of the MRI tunnel. After airway patency was assessed, the neck was extended slightly and oxygen was administered via facemask, and the study drug infusion was discontinued temporarily.
Quality of the MRI was evaluated by a radiologist using a three-point scale (1 ϭ no motion; 2 ϭ minor movement; 3 ϭ major movement necessitating another scan). At the end of the MRI, the drug infusion was discontinued and the children were then transferred to the recovery room.
The onset of sedation time was defined as the period of time between the beginning of study drug infusion and reaching a Ramsay score of 5. Recovery time was accepted as the period of time between discontinuation of study drug infusion and reaching a Ramsay score of 2. Discharge time was defined as the period of time between discontinuation of drug infusion and the discharge of the children from the hospital. The criterion of the discharge was the return of vital signs and level of consciousness to baseline, and the ability to maintain a patent airway. Side effects (e.g., nausea, vomiting, dysphoria) occurred during and after sedation were recorded.
Statistical analyses were made with SPSS ® 10.0 (SPSS Inc., Chicago, IL). Results are presented as mean (sd) or their confidence interval (CI). Analysis of variance for repeated measures was performed on hemodynamic and respiratory variables, with compensation for post hoc comparisons using the Bonferroni correction. Intergroup statistical analyses were performed using Student's t-test, and nonparametric data were analyzed using 2 test. Statistical significance was considered at P Ͻ 0.05. The power of the study was calculated based on the onset of sedation time. Setting a significance level of P ϭ 0.05, it was calculated that a group size of 30 patients allowed detection of a difference of 4 min between groups with a power of 100%.
RESULTS
The patients' demographics, presedation behavior score, and the duration, type, and quality of MRI procedure were not statistically different between groups (Table 1) .
Adequate sedation, as defined by quality of the examination, was obtained in 25 children from group D (83%, 95% CI, 0.65-0.94) and in 27 children from group P (90%, 95% CI, 0.73-0.97). Although, deep sedation (Ramsay score of 5) was obtained with the dexmedetomidine or propofol infusion before MRI examination, inadequate sedation was observed in 5 children from group D and in 3 children of group P during MRI. MRI examination was successfully completed in all of these children with supplementary bolus doses of midazolam in group D and propofol in group P. In group P, the onset of sedation, recovery, and discharge time were significantly shorter than in group D (P Ͻ 0.05). The level of consciousness was the same in both groups at the time of discharge. The duration of drug infusion was not different between groups (P Ͼ 0.05) ( Table 2) . MAP, HR, and RR were not statistically different between groups before sedation. MAP and HR decreased significantly from baseline during sedation in both groups (P Ͻ 0.001). HR at 10, 20, 25 min was significantly more rapid in group P than in group D, and MAP at 10, 15, 20, 35 and 50 was lower in group P than group D; however, these differences were not clinically significant. MAP in group P decreased below 20% from baseline only at 50 min. The RR was statistically significantly less in group P than group D but these differences were not clinically significant. Bradycardia was not observed in any child. The maximum decreases in MAP during sedation in groups D and P were 17% and 21%, where the maximum decreases in HR during sedation were 15% and 17%, respectively, and the maximum decreases in RR during sedation in groups D and P were 8% and 17%, respectively (Table 3) .
No side effects such as nausea, vomiting, or dysphoria were observed in either group during or after sedation. However, desaturation was observed in 4 children of group P in whom Spo 2 decreased below 93% (average Spo 2 , 89%) during MRI examination. In these children, oxygen desaturation was treated with chin lift, temporary cessation of the propofol infusion, and oxygen supplementation via facemask.
DISCUSSION
Our results indicate that although both drugs prevented undesired movement in most of the children, propofol provided more rapid rates of induction, recovery, and discharge but dexmedetomidine better preserved MAP and RR and did not cause any desaturations. The ideal pediatric sedative drug should Values are mean Ϯ SD or n. Group D ϭ dexmedetomidine; Group P ϭ propofol. maintain a patient's ventilation, provide hemodynamic stability, provide patient immobility, and allow easy drug titration. Ideal pediatric sedative drugs should also ensure rapid anesthetic induction and recovery while producing minimal side effects such as nausea, vomiting, dysphoria, or pain (10) . Inadequate sedation is the most common adverse event (5%-15%) resulting in failure (3.7%) of MRI procedures. Inadequate sedation was more frequent in hyperactive, uncooperative, and older children (3, 4, 12) . Previous studies indicate that infusion doses of dexmedetomidine (0.1-0.7 g · kg Ϫ1 · h Ϫ1 ) have provided effective sedation (13) (14) (15) (16) . Various studies (2, 10, 11) demonstrated that infusion of propofol at a rate of 100 -150 g · kg Ϫ1 · min Ϫ1 effectively prevents at least 90% of children from moving during elective MRI. These doses are similar to our propofol doses, and our results were consistent with these studies. The inadequate sedation rate observed with dexmedetomidine and propofol in our study was similar to that previously reported. In our study, propofol's onset, discharge, and recovery times were compatible with previously published studies (2, 9, 11, 17) . Adequate sedation was obtained with dexmedetomidine and propofol in most of the children.
In a previous study (9), we noted that the onset of sedation time was 19 minutes for dexmedetomidine in MRI sedation. In this study, the faster onset of sedation time could be explained by the fact that we accepted the Ramsay score of 5 as the time to onset of sedation as opposed to the accepted Ramsay score in our previous study. In our study, propofol provided faster onset of sedation, recovery, and discharge times than dexmedetomidine.
Although the advantage of dexmedetomidine was hemodynamic stability, there are contradictory results related to its hemodynamic effects in the literature (7-9, 16, 18 -20) . Hypotension and bradycardia have been reported, particularly with large bolus dosing regimens, in patients with preexisting cardiac problems and in patients administered an initial dose in Ͻ10 minutes (6, 21) . Hypotension and bradycardia are observed occasionally when propofol infusion, used as a single drug, is titrated to achieve adequate sedation (5, 11, 22, 23) . It has been reported that the decrease in MAP and HR after propofol induction was 15%-31% and 17%-24%, respectively (2, 17, 22) . In our study, an initial dose of propofol was administered for 10 minutes both to allow for equivalent modes of dexmedetomidine and propofol administration and to minimize cardiovascular and respiratory depression related to the initial dose. In our study, although MAP and HR decreased significantly after dexmedetomidine and propofol infusion, the decrease in MAP was larger with propofol infusion. These decreases could have been exaggerated because the patients were not premedicated and the baseline values may have been high and not reflective of a time baseline value.
Because decreases in MAP and HR with dexmedetomidine infusion were Ͻ20% of baseline and no bradycardia or hypotension occurred in any child, these decreases in MAP and HR were considered clinically insignificant. Although at most time points the decrease in MAP in the propofol group was more than with dexmedetomidine, only the decrease at 50 minutes was more than 20% of baseline.
Respiratory events make up a large proportion (5.5%) of the complications of the sedation in children (4) . Some authors have reported that dexmedetomidine did not affect RR, Spo 2 , and ETco 2 (13, 24) . However, some respiratory complications have been reported with large and rapid initial loading doses (6, 20, 25) . When a dexmedetomidine initial dose was administered rapidly (2 minutes), it caused irregular respiration, apnea, slight hypoxemia, and hypercapnia (19) . Propofol may depress ventilation, suppress pharyngeal and laryngeal reflexes, and cause transient apnea (5, 10, 22) . However, this is not a consistent finding (2, 11) . In this current study, the clinically insignificant decrease in RR during dexmedetomidine or propofol infusion may have been a result of high baseline values. Although RR decreased more with propofol than dexmedetomidine during sedation, and propofol was associated with more respiratory events (desaturations), dexmedetomidine may provide more respiratory stability.
In conclusion, dexmedetomidine and propofol provided adequate sedation in most of the children aged between 1-7 years. Although propofol provided more rapid rates of anesthetic induction and recovery, dexmedetomidine better preserved MAP and RR. Thus, dexmedetomidine could be an alternative sedative drug to propofol in selected patients.
